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RESUMEN. El objetivo es identificar y 
analizar los patrones espaciales del con-
tenido de agua en el suelo superficial y su 
estabilidad temporal en un agro-ecosis-
tema (27 ha) mediterráneo de secano en 
Huesca (NE España) durante 12 meses. La 
lluvia y ET0 totales fueron 494 y 1191 mm. 
El mes más seco fue Agosto 2016 y el más 
húmedo Febrero 2017. El valor medio y la 
desviación de las 2.664 medidas fue 13,1 y 
8,0% vol. La humedad media en los viñe-
dos, cereal, olivos cultivados y abando-
nados, caminos y bosques fue 13,6, 13,3, 
11,8, 13,5, 15,6, y 9,0% vol. La entreca-
lle del viñedo fue la zona más húmeda y 
estable (62% > humedad que en las filas) 
debido al cultivo cubierta. Las filas del 
viñedo fueron muy secas y muy estables; 
el bosque fue el más seco con baja esta-
bilidad temporal. Los campos de cereal, 
abandonados y caminos presentaron alta 
variabilidad temporal.
ABSTRACT. The main goal was to assess 
the spatial patterns of topsoil water content 
and their temporal stability in a Mediter-
ranean rain-fed agro-ecosystem (27 ha) 
in Huesca province (NE Spain) during 12 
months. The total rainfall depth and ET0 
were 494 and 1191 mm. The driest sur-
vey was on August 2016 and the wettest 
in February 2017. For all surveys (2,664 
measurements) the mean and standard 
deviation were 13.1 and 8.0% vol. The 
vineyards, cereal fields, cultivated and 
abandoned olive orchards, trails and for-
ests had mean values of 13.6, 13.3, 11.8, 
13.5, 15.6, and 9.0% vol. The inter-row 
areas of the vineyards had the wettest 
and stable conditions (62% > in the rows) 
owing to the cover crops. The rows were 
very dry and very stable; the forest pre-
sented the driest conditions with medium 
temporal variability. The cereal fields, the 
abandoned olive groves and the trails also 
presented high temporal variability.
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1. INTRODUCTION
Soil water content (SWC) is one of the 
most limiting factors for crop production 
by both water deficit and excess (Qin et al., 
2013; Saue and Kadaja, 2014) and is espe-
cially relevant in semi-arid and sub-humid 
areas where irregular soil water content 
dynamics are frequent (Viola et al., 2012). 
Additionally, SWC in the uppermost layer, 
the topsoil (TSWC), which governs seed-
ling establishment is a more limiting factor 
for crop yield than total SWC at planting 
(Aboudrare et al., 2006). On the other 
hand, the antecedent TSWC is a signifi-
cant factor to predict runoff generation and 
coefficients (Penna et al., 2015) and also 
soil detachment at the first stages of an 
erosive event (Yu et al., 2014).
Most climate models forecast a contin-
uous increase in temperature over the 21st 
century (Milly et al., 2005). Mediterranean 
areas are subject to dramatic changes in 
a global change scenario in which SWC 
will decline and saturation conditions will 
be increasingly rare and restricted to peri-
ods in winter and spring (García-Ruiz et 
al., 2011). Therefore, soil water resources 
should be studied in detail within the 
frame of sustainable agriculture and nat-
ural resources management.
In most soils the values of the physi-
cal properties vary considerably along the 
space (López-Vicente et al., 2008). The 
TSWC also varies throughout the seasons 
(López-Vicente et al., 2009) although there 
is a certain long-term temporal stability of 
this variability (Vachaud et al., 1985; Hu 
et al., 2013). At catchment scale Garcia-
Estringana et al. (2013) found under 
Mediterranean conditions lower regimes 
of SWC on hillslopes under forest cover 
than in downslope areas covered with 
grasses, though these differences were 
not persistent through the year. At field 
scale, López-Vicente et al. (2015) found 
high variability of TSWC at short-term 
(weekly scale) and certain stability at long-
term (yearly scale) that allowed identifying 
wet and dry stable areas. The objective of 
this study was to assess the spatial patterns 
of TSWC and their temporal stability in 
a rain-fed agro-ecosystem (27 ha) in NE 
Spain devoted to typical Mediterranean 
crops, such as vineyards, olive groves and 
cereals.
2. MATERIAL AND METHODS
2.1. Study area
A Mediterranean agricultural sys-
tem located in the Ebro river Basin (NE 
Spain; 42° 02´ 00´´ N; 0° 04´ 12´´ E) was 
selected to perform this study (Fig. 1). This 
sub-catchment is near Barbastro (Huesca 
province) and occupies 27.4 ha. The out-
let appears in the northern part that drains 
away in a gully. Topography is hilly with a 
mean slope steepness of 13% and elevation 
ranges from 447 to 506 m a.s.l.
Land is mainly devoted to agriculture. 
Four vineyards, one cereal field and six 
small abandoned olive groves are in the 
lower part of the hillslope. Four cereal 
fields and one olive grove (314 trees) 
occupy the upper part of the sub-catch-
ment. Small and scatter patches of nat-
ural vegetation (holm oaks, shrubs and 
grasses) appear throughout the landscape. 
One unpaved road (4 m width) crosses the 
study area from northwest to southeast 
separating the upper and the lower parts 
of the hillslope. Winter cereal (wheat and 
barley) fields are managed as fallow/crop 
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rotation. The vineyard plantation is com-
posed of 15,039 grapevines arranged in 
147 straight lines (espalier system). Soil in 
the grapevine lines (row hereafter) remain 
between 8 and 23 cm, 13 cm on average, 
raised related to the soil in the inter-row 
area, due to the tillage practices carried 
out by the farmer. The inter-crop strips 
of the vineyards (inter-row hereafter) are 
managed with a mixture of plant species as 
cover crop: i) spontaneous vegetation, and 
ii) plantation of common sainfoin (Ono-
brychis viciifolia). The maintenance of the 
CC includes one mowing pass at the end of 
spring, between May and June.
Several ephemeral gullies (EG) affect 
the soils in three vineyards, two cereal 
fields and the olive grove. This process has 
triggered the development of continuous 
flow path lines, breaking the topographic 
thresholds of the rows in some sections. 
Processes of soil loss and sediment deliv-
ery are intense, appearing three deposi-
tional areas (alluvial fans) at the bottom of 
two vineyards, and of the cultivated olive 
grove. The largest soil depositional area 
(1,480 m2) is near the outlet and within the 
northern vineyard.
Climate is continental Mediterranean, 
with an average annual rainfall of 406 mm 
year–1 (between 2002 and 2016), with two 
rainy periods, in spring and autumn, and 
a dry summer with occasional thunder-
storms. Rainfall intensity varied during 
the year with low average values between 
November and March, ranging from 1.2 
and 2.4 mm h–1; and high values between 
June and October (from 3.8 and 6.1 mm 
h–1). The highest peaks of maximum rain-
fall intensity (I30max) were recorded in 
September and October when the average 
I30max were between 50 and 53 mm h–1. 
Hence, different hydrological response of 
the soils and runoff depth is expected dur-
ing the different months of the year. None 
saturation-excess runoff areas (generated 
when the soil becomes saturated) were 
observed in the study area, and thus infil-
tration-excess runoff (generated when the 
rainfall intensity is larger than the infiltra-
tion rate) is the predominant overland flow 
generation process.
Fig. 1. Location of the study area in the Ebro river 
basin (NE Spain), picture of the landscape, and map 
of land uses.
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2.2. Field measurements
b)
a)
Fig. 2. Field measurements of TSWC with the Del-
ta-T SM300 device (a). Location of the measurement 
points on the study area (b).
The TSWC was measured in 12 field 
surveys every 30 days comprising the 
period May 2016–April 2017. Each sur-
vey was performed in the same days of 
the month, between the days 15 and 19. A 
frequency-domain probe (Delta-T SM300) 
was used to measure TSWC (Ɵ0, % vol.) 
at field conditions (Fig. 2.a). This device 
has two rods that are inserted in the soil 
up to 51 mm depth (sample volume is 
~55 x 70 mm diameter). Measurements 
are stable regarding salinity (accuracy ± 
0.025 m3 / m3; 2.5%). Field measurements 
were collected in 74 points of undisturbed 
soils (Fig. 2.b). Three measurements of Ɵ0 
were taken in each point and the average 
value was estimated as the representative 
value (222 measurements per month). The 
distance between each point within each 
vineyard was 40 m covering the rows and 
inter-row areas as well as the corridors 
between the different vineyards. In the 
other land uses the distance between each 
measurement point was ca. 50 m. Each 
survey was performed in 6 hours to avoid 
any temporal change of the soil water con-
tent conditions. No rainfall events occurred 
during the surveys and thus measured val-
ues suffered low variation.
2.3. Spatial variability and temporal 
stability
The spatial patterns of TSWC was cal-
culated by means of the relative difference,  
δim, between the average value of θ0 in the 
whole study area at each month ‘m’, θ0m, 
and the mean value of θ0 at each measure-
ment point ‘i’:
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where MRDiT is the mean relative dif-
ference for the location ‘i’ and NT is the 
number of observation times (12 months). 
The temporal stability analysis of these 
differences was done calculating the stand-
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ard deviation of the set δi,1, δi,2, …, δi,NT of 
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The value of SDRDiT serves as one 
of the measures of the temporal stability 
(Vachaud et al. 1985; López-Vicente et al. 
2015, 2016) by comparing its magnitude to 
the spatial variability of MRDiT.
2.4. Physical properties
As far as soil physical properties are 
concerned, we did a field survey to col-
lect topsoil samples. Each sample was 
collected in the same location where 
TSWC was measured. Three replicates 
were collected at each sampling point. 
Then, the bulk density, the coarse frag-
ments (rocks) content, the effective soil 
volume (related to the fine particles, < 2 
mm), and the clay, silt and sand content 
were measured (Fig. 6). The assessment 
of the infiltration properties and rates is 
included in the current research activities. 
We designed an irregular net composed by 
30 measurement points to characterize the 
topsoil permeability; 16 points are located 
in the vineyards (8 in the rows and 8 in the 
inter-row areas). The unsaturated hydraulic 
conductivity were determined by means of 
the Decagon Mini Disk portable tension 
infiltrometer. The matric water potential at 
each point was measured with the Deca-
gon MPS-6 sensor (Fig. 7). This device has 
an accuracy of ±10% of the reading and 
has sensitivity from -9 kPa all the way to 
air dry (-100,000 kPa).
3. RESULTS AND DISCUSSION
3.1. Monthly weather data and TSWC
The total rainfall depth during the 
12-month test period was 494 mm, 
whereas the total ET0 was 1191 mm. The 
average temperature was 14.2 °C. The 
monthly rainfall depth (R) was higher than 
the ET0 in October and November 2016 
and in February and March 2017. The ET0 
was higher than the R during the other 
eight months (Fig. 3).
 For all surveys (2,664 measurements), 
the mean, median, and standard deviation 
were of 13.1, 13.0 and 8.0% vol. (Fig. 3). 
The driest conditions happened on August, 
June and July 2016, with mean values of 
TSWC of 3.0, 3.4 and 3.8% vol. respec-
tively. The wettest conditions appeared on 
February 2017, December and October 
2016 with mean values of TSWC of 24.2 
(708% higher than the driest survey), 19.7 
and 18.3% vol. respectively. The range of 
values was minimum for the driest survey, 
on Aug.’2016 (7.1% vol.), maximum dur-
ing the wettest survey (Feb.’2017; 36.5% 
vol.) and the average range during the 
12-month-period was of 23.1% vol. The 
greatest values of TSWC were recorded 
in autumn and winter (from October to 
March; 17.7% vol. on average) and the 
lowest in summer (from June to August; 
3.4% vol. on average), which was closely 
related to the temperature, the vapour pres-
sure deficit and the rainfall regime of the 
study area.
 The values of TSWC were also 
affected by land uses, with mean values of 
13.6, 13.3, 11.8, 13.5, 15.6 and 9.0% vol. 
for the vineyards, cereal fields, cultivated 
and abandoned olive orchards, trails and 
forest (Table 1). On average, TSWC in the 
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vineyards was 11.2% higher than in the 
rest of the land uses. This trend was con-
stant during 11 of the 12 months, except 
in January 2017, and it was more pro-
nounced in autumn and lower in summer 
(Fig. 4). The wettest conditions appeared 
in the inter-row areas of the vineyards, 
with an average value that was 62% > the 
mean value obtained in the rows. These 
results can be explained by the water con-
servation role played by the cover crops.
Fig. 3. Rainfall depth (R, mm), potential evapotran-
spiration (ET0, mm), mean temperature (T, ºC) and 
topsoil water content (TSWC, % vol.) during the 
12-month test period.
Table 1. Values of TSWC (Ɵ0, % vol.) in the diff erent land 
uses and over the 12-month test period. The number of 
measurement points (n; three measurements per point) is 
also indicated.
Land use
Ɵ0 (% vol.)
n (x3) min mean max sd
Vineyard (4 fi elds) 48 0.2 13.6 38.0 8.0
 V.-row 20 0.2 10.0 28.1 5.9
 V.-inter-row 25 0.9 16.2 38.0 8.4
 V.-corridor 3 0.7 15.1 33.2 8.4
Cereal 12 0.5 13.3 36.0 8.0
Olive grove 3 0.7 11.8 31.7 7.5
Abandoned olive 
grove 2 1.8 13.5 29.1 7.2
Forest 7 0.3 9.0 26.3 6.1
Trail 2 0.8 15.6 40.7 9.6
These results are in agreement with those 
reported by Gómez et al. (2017) who 
found benefi ts in reducing runoff  and soil 
losses in olive orchards with cover crops 
compared to bare soil.
Fig. 4. Monthly mean values of TSWC in the dif-
ferent land uses.
3.2. Spatial patterns and temporal evo-
lution
The minimum and maximum relative 
diff erences in the fi eld were analyzed for 
each survey (Fig. 5). We found decreas-
ing values of the maximum relative dif-
ferences with increasing values of TSWC 
(R2 = 0.8003). Higher negative values of 
the relative diff erences appeared during the 
driest surveys (R2 = 0.3659). Thus, the spa-
tial variability of TSWC at sub-catchment 
scale increased under dry conditions and 
more homogeneous conditions appeared in 
the wet surveys.
Regarding the diff erent land uses, the 
most stable conditions appeared in the 
three compartments of the vineyards, and 
in the olive grove, with SDRD values ≤ 
0.25. The highest temporal variability 
appeared in the cereal fields, the aban-
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doned olive groves, and the trails, with 
SDRD values ≥ 0.33 (Table 2). The rows 
of the vineyards were dry and stable while 
the inter-row areas were the wettest and 
stable. The forest presented the driest con-
ditions with medium temporal variability, 
the cereal fi elds presented average mois-
ture conditions with high temporal var-
iability, and the abandoned olive groves 
and the trails also presented high tempo-
ral variability. The high values of TSWC 
in the inter-row areas with presence of 
cover crop and their high temporal sta-
bility are in agreement with the results of 
runoff  coeffi  cients observed by Gómez et 
al. (2011) in olive groves and vineyards 
in Andalusia (Southern Spain), Portugal, 
and France with cover crops against olive 
groves and vineyards under conventional 
tillage conditions. The high temporal vari-
ability observed in the cereal fi elds can be 
explained by the signifi cant changes in the 
cover crop factor during the year, with bare 
soil conditions after harvesting operations 
in June until the end of the winter when 
plants have higher canopy cover percent-
ages.
3.3. On-going research (physical pro-
perties)
Preliminary results showed clear diff er-
ences in the topsoil water content at the 
same values of water potential in diff erent 
measurement points along the sub-catch-
ment. Thus, further research is needed 
to better characterize the hydrological 
response of the soils in the study area.
Fig. 5. Correlation between the maximum and min-
imum relative differences of TSWC during each 
month, and the average values of monthly TSWC.
Table 2. Values of the mean relative diff erence (MRD, spa-
tial variability) of TSWC and of the standard deviation of 
the relative diff erence (SDRD, temporal stability) at each 
land use and over the 12-month test period.
Land use MRD SDRD Conditions
Vineyard (4 fi elds) 0.05 0.23 Average – Stable
 V.-row -0.24 0.19 Very dry –Very stable
 V.-inter-row 0.26 0.25 Very wet – Stable
 V.-corridor 0.15 0.25 Wet – Stable
Cereal -0.0008 0.34 Average –Not stable
Olive grove -0.14 0.24 Dry – Stable
Abandoned olive 
grove 0.08 0.37
Average –
Not stable
Forest -0.33 0.28 Very dry – Stable
Trail 0.17 0.33 Wet –Not stable
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Fig. 6. Interpolated maps of bulk density, rock and 
clay content, and of the soil texture types of the 
study area.
TSWC in vineyards remained on aver-
age between 3% and 4% during summer, 
and from September on TSWC increased 
as the precipitation increased, reaching 
values up to 30% vol., which was close 
to the water content at field capacity in 
some points. On-going research activities 
include the analysis of the correlations 
between the diff erent physical properties 
and the values of TSWC as well as the spa-
tial patterns and their temporal stability for 
the diff erent land uses.
Fig. 7. Field measurements of the soil water poten-
tial with the Decagon MPS-6 and the Delta-T 
SM300 devices. Charts of the soil water potential 
obtained with these devices in four diff erent points 
of the study area.
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4. CONCLUSIONS
The values of topsoil water content 
(TSWC) varied during the 12-month test 
period, showing a good agreement with 
the evolution in the values of total rainfall 
depth, and potential evapotranspiration. 
Regarding the land uses, the highest mean 
values of TSWC appeared in the vine-
yards, the cereal fields, the abandoned 
olive orchards, and the trails, whereas 
the driest conditions appeared in the cul-
tivated olive orchard and the patches of 
natural vegetation. The wettest conditions 
appeared in the inter-row areas of the vine-
yards, with an average value that was 62% 
higher than the mean value obtained in the 
rows, owing to the water conservation role 
played by the cover crops. Concerning the 
spatial variability and their temporal stabil-
ity, the rows of the vineyards were dry and 
stable, the inter-row areas were the wettest 
and stable, the forest presented the driest 
conditions with medium temporal varia-
bility, the cereal fields presented average 
moisture conditions with high temporal 
variability, and the abandoned olive groves 
and the trails also presented high temporal 
variability.
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